m radius of turning section) and the upstream turning bend were covered with a flow lid at 10 cm above the flume bottom. Because a racetrack flume can not be tilted to ensure uniform flow depth and a uniform velocity profile, adding a flow lid is a viable alternative to ensured uniform flow depth and a stable velocity profile. In essence, instead of open channel flow we have flow through a pipe with a rectangular cross section.
Because we have a fixed surface at the bottom and top of the flow, the effective flow depth is half the distance (5 cm) between the flume bottom and the flow lid. The turning bends also contained two parallel vanes to reduce the development of secondary circulations. To further eliminate secondary circulations, a diffuser, consisting of packed 10 mm diameter soda straws, was placed at the upstream end of the observation section.
Kaolinite clay (Fig. 1A) was mixed with water and stirred in a blender for 10 minutes, and the blended slurry was washed trough at 63 µm sieve directly into the flume running at 50 cm/s velocity (velocity measured mid-channel and 5 cm above channel bottom).
The kaolinite feed we used has a grain-size distribution of 91% finer than 0.01 mm, 80% finer 0.005 mm, and 60% finer than 0.002 mm. Sediment concentrations ranging from 0.03 g/l to 2 g/l were explored. The higher end suspended sediment concentrations are common in rivers during floods, tidal channels during peak flow, lacustrine density currents, and in fine grained turbidites. Our experiments were on purpose kept below the limit for liquid muds (~10 g per liter) because of the significant rheological differences encountered in flows that exceed 10 g per liter in suspended sediment. We plan to explore the sediment concentrations between 2 grams and 10 grams per liter in future experiments. Half-height (5 cm above bottom) sediment concentrations were monitored with a calibrated turbidity meter. Experiments were conducted in distilled water, fresh (tap) water, and salt water (35 per mill salinity). In a few experiments Camontmorillonite and natural lake mud (sieved to 63 µm) was used.
Although flocculation is a key issue in the research pursued here, investigations of floc formation and floc maintenance in this dynamic system requires special techniques and equipment. We are in the process of building and/or acquiring these, but resultant observations are about another year away.
The water in our experiments was not sterilized, but prior to a run the flume is washed with detergent and sodium hypochlorite solution (bleach), and then rinsed with chlorinated tap water. Small amounts of sodium hypochlorite solution are added to the flume during the run in order to prevent microbial colonization. In addition, we spot check flume sediments for microbial colonization through microscopic examination (optical microscopy and ESEM) .We monitor pH and Eh of the flume waters to insure that sodium hypochlorite addition does not significantly alter water chemistry. Rapidly run experiments without sodium hypochlorite addition show the same results as the longer run experiments with sodium hypochlorite addition, suggesting that the fluid characterisitics do not differ in fundamental ways.
In every experimental run, addition of clay slurry to the flume resulted within minutes in the formation of "floccule streamers" that mark boundary-layer streaks (22).
Floccules were sampled and examined with a scanning electron microscope (SEM) for structural details (Figs. 1B, C, D) . The size of flocs ranges from 0.1 mm to almost a millimeter ( Fig. 1 ).
After equilibration (establishment of a stable clay concentration) the velocity was stepwise reduced (Fig. 2) 
until the critical velocity of sedimentation was reached (23).
Upon reaching that velocity a linear decline of sediment concentration was observed until all sediment had settled out of the flow (Fig. 2) . At all but the lowest sediment concentrations the water was so turbid that no direct observations of the flume interior were possible. However, by shining strong lights from above through the flow we were able to see what is happening directly at the flume bottom, and we were able to photograph and film floc streamers (Fig. 3A) , individual migrating flocs, as well as floc ripples (Fig. 3B) and fields of floc ripples (Fig. 3C ).
Waiting for equilibration is time consuming, and depending on the amount of initial sediment these experiments can therefore go in for weeks before the critical velocity of sedimentation is reached (Fig. 2) . One may wonder whether it is realistic that natural processes could produce sustained flows of this duration. While nepheloid flows may be a possible candidate, others, such as gradient currents and turbidity currents may not. However, we also conducted earlier experiments where the velocity was dropped below the critical velocity of sedimentation very rapidly (within a few hours), and in these experiments formation of bedload floccules and ripple formation was even more pronounced than in later on conducted experiments where we went through multiple reequilibration steps. The main reason why we run the experiments with multiple reequilibration steps is that we want to determine the critical velocity of sedimentation as exactly as possible, not because we believe that these long durations mimic nature. Thus, we do not expect that shorter duration natural flows would not be able to produce mud beds by floc ripple accretion.
Even at 50 cm/s, a proportion of the clay flocculates, settles to the bottom, and forms "floccule streamers" (Fig. 3A) . Floccules form even at very small sediment concentrations (0.03 g/l), in both distilled water and fresh water. As velocity is lowered the abundance of moving bottom floccules increases, and once the critical velocity of sedimentation is reached (Fig. 2) , growing patches of flocs start to form. These become organized into streamlined ripples and migrate slowly downcurrent (Figs. 3B, C, D) . The critical velocity for sedimentation is dependent on initial sediment concentrations, and ranges from ~10 cm/s for small sediment concentrations (0.03 g/l) to at least 26 cm/s for sediment concentrations in the 1 to 2 g/l range. At low initial sediment concentrations (0.03 g/l to 0.5 g/l) only a small number of ripple patches forms, but at higher sediment concentrations (1 to 2 g/l) ripples coalesce and gradually cover the entire flume bottom.
As the initial sediment concentration is raised in these experiments, the size of floccule ripples increases as well, mainly because when reaching the critical velocity for sedimentation more floccules per unit time are added to bedload. In several experiments where flow was stopped suddenly and water was drained and replaced with clear water, floccules were observed on the foreset slopes of floccule ripples (Fig. 3E) .
Once the flume bottom is fully covered with mud, direct observation of sediment movement is no longer possible, and the continued history of sedimentation has to be interpreted from the accumulating deposits and knowledge about further sediment addition and velocity changes. The following observations are from flume runs where the starting sediment concentration was between 1 and 2 g/l. After the critical velocity for sedimentation was reached, deposition was allowed to proceed until the sediment concentration had dropped by about 80%. At that point a few grams of finely powdered hematite were added upstream of the observation stretch to provide a red color marker across the deposit. After settling of the hematite spike, new mud (0.5 kg) was added to the flume in slurry form in order to bring concentrations back up to the level at the onset of continued sedimentation. The sediment concentrations were again allowed to drop by 80%. This addition of color spikes and 0.5 kg mud increments was repeated multiple times to produce mud layers of approximately 2 cm (uncompacted) thickness. The time required to run such an experiment ranges from four to eight weeks. At the end of the flume run, slow draining of the water (to avoid gravitational collapse) typically revealed that the mud bed was not of uniform thickness, and carried at its surface elongate ripples that stood up to 3 cm above the flume bottom, and were spaced between 30 and 40 cm apart in downstream direction (Fig. S2) .
Scraping the experimental mud layers with a butter knife after they have dried to the consistency of soft butter reveals their internal layering as outlined by hematite color spikes (Fig. S3) . This approach showed clearly that lateral accretion occurs downcurrent of the first generation of floc ripples. Furthermore, bottom-parallel fractures through these mud layers show the overall deposit to be characterized by low-angle, downcurrentdipping, cross-strata (Figs. 4B, S4 ). 
